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DISCLAIMER

Recoveryplansdelineatereasonableactionswhich arebelievedto be requiredto
recoverand/orprotectlisted species. Plansarepublishedby theU.S. FishandWildlife
Service,sometimespreparedwith the assistanceof recoveryteams,contractors,State
agencies,and others. Objectiveswill beattainedand any necessaryfundsmadeavailable
subjectto budgetaryand otherconstraintsaffectingthepartiesinvolved, aswell astheneed
to addressotherpriorities. Recoveryplansdo not necessarilyrepresentthe viewsnor the
official positionsor approvalof any individuals or agenciesinvolved in theplan formulation,
otherthanthe U.S. Fish andWildlife Service. They representthe official positionof the
U.S. Fishand Wildlife Serviceonly after theyhavebeensignedby the RegionalDirector or
Directoras approved. Approvedrecoveryplansaresubjectto modificationasdictatedby
new findings, changesin speciesstatus,andthe completionof recoverytasks.

LiteratureCitationsshould readasfollows:

U.S. Fish andWildlife Service. 1993. Atlantic SaltMarsh SnakeRecoveryPlan. Atlanta,
Georgia. 19 pp.

Additional copiesmaybe purchasedfrom:

Fishand Wildlife ReferenceService:
5430GrosvenorLane,Suite 110
Bethesda,Maryland 20814

301/429-6403or 1-800-582-3421

Feesfor recoveryplansvary, dependingon the numberof pages.



EXECUTIVE SUMMARY

CurrentStatus: The Atlantic saltmarshsnakeis listed asa threatenedspeciesand is
restrictedto the saltmarshesof Volusia, Brevard, and possibly IndianRiver Counties,
Florida.

Habitat Requirementsand Limiting Factors: The Atlantic saltmarshsnake (Nerodia clarkii
taeniata) inhabits brackishcoastalmarshespredominantlyvegetatedwith glasswort
(Salicornia spp.)and salt grass(Distichlis spicata). Blackmangrove(Avicenniagerminans)
is typically presentbut not predominant. To the south,as mangrovesbecomemore
prevalent,the Atlantic saltmarsh snakeis replacedby the conspecificmangrovewatersnake
(N. clarkii compressicauda).

RecoveryObjective: Delist the Atlantic saltmarshsnakewhenrecoverycriteria aremet.

RecoveryCriteria: This snakemaybe consideredfor delistingif (1) thereis no evidenceof
significantgeneticintrogression(geneticexchangelimited to a very narrowhybrid zone)
from the Florida bandedwater snake(Nerodiafasciatapictiventris) into adjacentpopulations
of the Atlantic salt marshsnake(Nerodia clarkii taeniata), (2) adequatehabitatprotectionis
maintained,and(3) self-sustainingpopulationsof 100-200adult snakesat eachof 10 secure,
discretesites areestablishedthroughoutVolusiaCounty. Thesenumericalgoalsare subject
to revisionas more informationbecomesavailableon thebiology of the Atlantic saltmarsh
snake.

ActionsNeeded

:

1. Conductbasicecologicalstudies.
2. Determineandmapdistribution.
3. Identify habitatprotectionmeasures.
4. Conducttaxonomicassessment.
5. Determinerelativeabundancewithin occupiedhabitats.
6. Determineextentof geneticintrogression.
7. Developa contingencyplanfor catastrophicevents.
8. DisseminateinformationaboutAtlantic saltmarsh snakes.

Costs($000’s):

Year Need 1 Need 2 Need3 Need 4 Need5 Need 6 Need7 Need 8 Total
FYi 25 15 8 5 4 57
FY2 25 15 5 3 48
FY3 10 7 2 19
FY4 2 10 6 18
FY5 10 _ 10
Total 50 40 8 19 20 7 2 6 152

Dateof Recovery: Delisting shouldbe initiated in 2000if recoverycriteria are met.
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I. INTRODUCTION

Description
TheAtlantic saltmarshsnake (Nerodia clarkii taeniata)was listed asa threatenedspecieson
November29, 1977 (U.S. FishandWildlife Service1977). It wasdescribedby E. D. Cope
in 1895 as a subspeciesof themangrovewater snake,Natrix compressicauda(New World
watersnakesarenow assignedto the genusNerodia). It hasa complextaxonomichistory
which is addressedin the next section.

Thereare threesubspeciesof saltmarsh snakes,the Gulf saltmarshsnake (Nerodia clarkii
clarkii), mangrovewatersnake (N. c. compressicauda),andAtlantic saltmarsh snake(N. c.
taeniata). Their dorsalpatternsare formed from a basicpatternof four rows of dark
blotchesrunning from headto tail (two lateralandtwo dorsolateralrows) on a lighter
background. In the stripedforms, the blotchesfuselinearly to form stripes; in the banded
forms, the blotchesfuseacrossthe backto form bands. In partially stripedindividuals, it is
invariably theanteriorportion of the body that is striped,with the patternposteriorly
consistingof bandsor rows of unfusedblotches. Thelateral stripeshavea greatertendency
thando the dorsolateralstripesto breakdownposteriorlyinto rows of blotches. TheGulf
saltmarsh snake (Nerodia clarkii clarkii) hasa dorsalpatternthat is completelystriped,or
nearlyso, with darkbrown to black stripeson a tan background. It is not unusualfor the
lateral stripesin this form to breakdownposteriorly into rows of blotches. The mangrove
watersnake(N. clarkii compressicauda)may beuniformly orangein color, but it moreoften
hasapatternof dark bandson a lighter background. Individuals from throughouttherange
of the mangrovewatersnakemaybepartially striped; in thesespecimensthe striping is
typically limited to theneckregion,but occasionalspecimensmaybe moreextensively
striped. Colorationin the mangrovewater snakeis extremelyvariable,with the background
beinggray, straw,or reddishandthebandsbeingblack, brown, or red. Populationsof
mangrovewatersnakescharacteristicallyinclude at leastsomeindividualsthat exhibit reddish
or orangepigmentation.

The Atlantic saltmarsh snake (N. c. taeniata) is a partially stripedsaltmarshsnakethat
reachesa maximumlength of at least82 cm (32 in.), althoughit is typically less than65 cm
(26 in.) in length. Thepatternconsistsof a gray to paleolive backgroundwith blackto dark
brown stripesanteriorly, the stripesbreakingup into rows of spotsposteriorly. The extent
of the striping is variable,but most individualsfrom the coastalmarshesof VolusiaCounty
arestriped onat leastthe anterior30 percentof the body. Theventeris blackwith a central
row of largecreamto yellowish spots. As in the caseof the dorsalstriping, this ventral
patternis bestdevelopedanteriorly and tendsto breakdownposteriorly. The red
pigmentationcharacteristicof mangrovewatersnakesis conspicuouslylacking in Atlantic salt
marshsnakesfrom the vicinity of Edgewater,VolusiaCounty,andnorthward(i.e., the area
from which the form wasdescribed).

Hebrard(1979)reportedcolorationfor’ 23 specimensfrom the southernIndian River Lagoon,
nearthe Volusia-Brevardcounty line. Of these,7 (30percent)exhibitedorangeor reddish
pigmentationeither dorsallyor ventrally. It is unclearat this time whetherthe reddish
pigmentationreportedby Hebrardshouldbe interpretedas indicating intergradationwith the



mangrovewatersnake. The seriesof 25 specimensfor which Hebrardprovidedpattern
descriptionshaddorsal stripeson 0 to 100 percentof thebody; only 8 (32percent)had
dorsalstripeson more than 30 percentof thebody, but 3 (12 percent)reportedlyhad dorsal
stripeson 100 percentof thebody. (In terms of patternformation, the vertebralstripe is
actually the lighter backgroundcolor which is visible betweenthetwo dark, dorsolateral
stripes.)

Thereareseveralcharactersof morphologyand color patternthat distinguishthe salt marsh
snakesfrom the relatedfreshwaterspeciesof Nerodia, but one of the mostreliableis the
numberof dorsalscalerows. The saltmarshsnakeshavethedorsalscalesin 21 rows at
midbody,whereasthe freshwaterbandedwater snakehasthe scalesin 23 rows. Also, those
populationsof salt marshsnakesthat areat leastpartially stripedareeasilydistinguished
from the freshwaterform, which is completelybanded.

Taxonomy
The Atlantic salt marshsnakehasa complextaxonomichistory, havingbeenknownunder
variouscombinationsof generic,specific, andsubspecificnames. TheNorth American
watersnakeswere long includedwithin the genusNatrix, but Rossmanand Eberle(1977)
restrictedthat genusto Eurasiaand erectedthegenusNerodia to includemany of the North
Americanspeciespreviouslyincludedwithin Natrix.

At the specieslevel, the saltmarshsnakeshaveat varioustimes beentreatedasa separate
speciesor assubspeciesof two relatedfreshwaterspecies. Both the Gulf saltmarshsnake
(Nerodia clarkii clarkii) and the mangrovewatersnake(N. clarkii compressicauda)were
initially describedasseparatespecies. Basedat leastpartly on reportsof hybrids between
N. c. clarkii and the freshwaterbroad-bandedwater snake(N. fasciataconfluens),Clay
(1938) reducedthe salt marshsnakesto subspeciesof N. sipedon,a namethat at the time
appliedto all of thebandedwater snakesof easternNorthAmerica. Subsequently,Conant
(1963)elevatedthe subspeciesof N. fasciata to speciesstatusto includethethreesaltmarsh
snakesand the threesouthernfreshwatersubspecies:N. f fasciata,N. f confluens,and
N. f. pictiventris. At the time that the Atlantic saltmarsh snakewas listed asthreatened,it
was regardedasa subspeciesof the southernwatersnake,N. fasciata(fide Conant, 1963).
More recently,Lawsonet al. (1991)conductedan extensiveelectrophoreticanalysisof the
N. fasciata - N. clarkii complex, including specimensfrom threehybrid swarms. They
found no geneticintrogressionbetweenthe saltmarshsnakesand the adjacentfreshwater
snakesand concludedthat the saltmarshsnakeswarrantrecognitionasa separatespecies,
N. clarkii. Hence,the appropriatenamefor the Atlantic salt marshsnakeis now Nerodia
clarkii taeniata.

At the subspecificlevel, the Atlantic saltmarshsnakehasalternatelybeentreatedas a
separatesubspeciesor synonymizedwith the mangrovewater snake. It wasdescribedby
Cope(1895)asNatrix compressicaudataeniata,a subspeciesof the mangrovewatersnake.
It was synonymizedwith N. compressicaudaby Barbourand Noble (1915),but then
resurrectedasa separatesubspeciesby Carrand Goin (1942). Dunson(1979)again
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proposedthat taeniatashouldbe relegatedto synonymywith compressicauda,althoughhe
never examinedany specimensof taeniatanor visited the taeniata localities. The form that
the U.S. Fish andWildlife Service(Service)listed asthreatenedis the Atlantic saltmarsh
snake,Nerodiafasciatataeniata (now N. clarkii taeniata).

The taxonomicstatusof the Atlantic saltmarshsnakewill remaincontroversialuntil a
thorough,rigoroussystematicassessmentis conducted. TheEndangeredSpeciesAct (Act)
definesthe term speciesas including “. . . any subspeciesof fish or wildlife or plants,and
anydistinct populationor segmentof any speciesor vertebratefish or wildlife which
interbreedswhenmature.” Final resolutionof the~axonomicstatusof the Atlantic salt marsh
snakewill provide further insight into propermanagementbut continuedprotectionunderthe
Act appearsjustified whetherit remainsa distinct subspeciesor a distinctpopulation.
Regardlessof its taxonomicstatus,theAtlantic saltmarshsnakeis a relict of historical
and/orecologicalprocessesuniqueto Floridaand shouldbepreserved(Kochman1992).

Distribution
The speciesto which the Atlantic saltmarsh snakebelongs,N. clarkii, is found in a narrow
coastalstrip from southernTexas,eastalong the Gulf coast,aroundthe Floridapeninsula,
andup the eastcoastof Floridaat leastas far asthe Halifax River, VolusiaCounty. It is
also known from the north coastof Cuba(Jaume1974).

The threateneddesignationappliesonly to theAtlantic saltmarshsnake,N. c. taeniata
(Figure 1). Both Cope’s(1895) type seriesandthe specimensusedby CarrandGoin (1942)
to resurrectN. c. taeniatacame from the brackishcoastalmarshesof Volusia County,
Florida. There is someuncertaintyaboutthe preciselocality from which Cope’sspecimens
came,but Carr andGoin restrictedthe type locality to thevicinity of National Gardens,
which lies nearthe north endof theHalifax River. Saltmarshsnakeshavenot been
documentedto the north in southernFlaglerCounty. The Carrand Goin serieswas collected
on the barrier islandat New SmyrnaBeach. Recentrecordsfor populationsidentifiableas
Atlantic saltmarshsnakesare availablefrom (1) thebarrierislanda shortdistancenorth of
PonceInlet, (2) the mainlandshorelineeastof the New SmyrnaBeachairport, (3) two
localities on the barrier islandat New SmyrnaBeach(FloridaGameandFreshWater Fish
Commission(FGFWFC)records),(4) an island in theIndianRiver eastof Edgewater(G.
Goode,EastVolusia Co. Mosquito Control, pers.comm.)and (5) a single specimen
identifiedasN. c. taeniatawascapturedjust south of the FlaglerCounty line (G. Goode
pers.comm.). It is not known if a viablepopulationexists in this areaor to the north in
FlaglerCounty but if so, theseAtlantic saltmarshsnakesarenow isolatedfrom populations
in thenorthernIndianRiver Lagoonby the OrmondBeach-Daytonametropolitanarea.

A problemattendantto the listing of any subspeciesthat is distributionallycontinuousand
intergradientwith anothersubspeciesis the difficulty of defining the limit(s) of the listed
form’s distribution in the areawhere it contactsthe related,unlisted subspecies.To the
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south, the Atlantic saltmarsh snakeintergradeswith the mangrovewatersnakealongthe
central Atlantic coastof Florida. As notedabove~both the descriptionandthe resurrection
of the subspecieswere basedon specimensfrom VolusiaCounty, althoughCarr and Goin
(1942)considereda singlespecimenfrom Indian River Countyalso to beN. c. taeniata.
They also mentioneda specimenof salt marshsnakefrom Melbourne,Brevard County,but
did not indicatewhethertheyconsideredthat specimento be N. c. taeniata. Wright and
Wright (1957)consideredN. c. taeniatato extendonly asfar south asthe lower end of
Mosquito Lagoon, in northernBrevardCounty, and Neill (1958) indicatedthat N. c. taeniata
intergradedwith the mangrovewater snakeon Merritt Island. In the final listing of the
Atlantic saltmarshsnake(FR 42:60743-60745),the Serviceindicatedthat “The Atlantic salt
marshsnakeis knownonly from coastalareasof Brevard,Volusia, andIndianRiver
counties.” However,Hebrardand Lee (1981)examineda largeseriesof saltmarshsnakes
from southernMosquito Lagoonnearthe Volusia-Brevardcountyline and reportedthat they
resembledNerodiafasciatacompressicaudaquite closely.” Hebrardand Lee further noted

that their specimensdifferedmarkedly in colorationandpatternfrom specimensof N. c.
taeniata from furthernorth in Volusia County. It is alsoworth notingthat the snakes
examinedby HebrardandLee were collected in mangroves(speciesnot indicated),whereas
only about 10 miles farther north, wherepopulationsof typical Atlantic saltmarshsnakesare
found, the habitatconsistsprimarily of glasswort(Salicornia spp.) flats and saltgrass
(Distichlis spicata)-borderedtidal creekswith only scatteredblack mangroves(Avicennnia
germinans). The zoneof intergradationappearsto coincidewith the increasingdominanceof
mangroveswamps,eventuallyasmangroveswampsbecomepredominantso doesN. c.
compressicauda.Kochman(1992)concludedthat “salt marshsnakesfrom farthersouth in
BrevardandIndianRiver counties,althoughoccasionallystriped,appearto comprisea zone
of intergradationwith N. c. compressicauda.”

Until a survey and taxonomicassessmenthavebeenconducted,it will not bepossibleto
determinethe southerndistributional limit of theAtlantic salt marshsnake. Nonetheless,it
appearsthat the subspeciesmay be restrictedto the brackish,coastalmarshesof Volusia
County, from the Halifax River southto thenorthernportionsof theIndianRiver Lagoon.

Habitat
Atlantic saltmarshsnakesare restrictedto brackish,tidal marshes. They most oftenhave
beenfound in associationwith saltwort flats and saltgrass-borderedtidal creeks. It is not
knownif they occur in the adjacentblackneedlerush(Juncusroemerianus)habitat. Atlantic
saltmarshsnakeuseof marshhabitatsmay be limited by water level; with extreme
fluctuationsmakingthemarshtoo hydric or xeric (G. Goodepers.comm.). When inactive
or pursued,they frequentlyretreatinto one of the numerousfiddler crab (Ucapugilator)
burrowsthat riddle theedgeof themarshand the banksof the tidal creeks(Carr and Goin
1942, Kochman1992, P. Moler pers.obs.).

Life History/Ecology
Although the Atlantic saltmarshsnakeis mosteasilyobservedat night, it may beactiveat
any time of day. Its activity is influencedby tidal cycles,which strongly influencethe
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availability of food(Neill 1958). AlthoughCarr andGoin (1942) indicatedthat all of their
specimenswere collected “just asthe tide wasbeginningto overflow the flats,” Kochman
(1992) indicatedthat it wasobservedmostoften “during low tidal stages,whenit apparently
feedson small fishesthat becometrappedin the shallow water.” It feedsprimarily on small
fish, but it readily takesfrogs whenavailable.

This speciesis ovoviviparous. Captive individualshavegivenbirth to 3 to 9 young from
Augustto October(Kochman1992). Fecundityis low relative to the adjacentfreshwater
species,N. fasciata, which may give birth to 50 or moreyoung.

Most snakesadaptedto life in salt water (familiesHydrophiidae,Achrocordidae,and
Homalopsidae)possesssalt glands, throughwhich theyexcreteexcesssalts (Dunson1975).
The saltmarshsnakesapparentlylacksalt glands(Schmidt-NielsenandFange 1958),but
they nonethelessexhibit very low dehydrationrates in seawater(Pettus1963, Dunson 1978,
1980). Saltmarshsnakesare apparentlyableto survive in seawaterthroughtheir reduced
ratesof cutaneouswaterand saltexchangeandtheir refusalto drink seawaterevenwhen
theybecomedehydrated. By contrast,whenheld in seawater,their freshwatercongeners
quickly becomedehydrated,which promptsthemto drink. This merelyexacerbatestheir
dehydrationand leadsto death(Pettus1963). Saltmarsh snakesreadily drink freshwater
whenit becomesavailablefrom rain or dew (Kochman1992).

Reasonsfor Listing
The Atlantic saltmarsh snakewas listed on the basisof two primary concerns,intensive
drainageand developmentin coastalsaltmarshesresulting in lossof habitatand the
accompanyingdisruptionof reproductiveisolating mechanisms,leadingto hybridizationwith
the Floridabandedwater snakeandpotential swampingof the Atlantic saltmarshsnakegene
pool by the much largerFloridabandedwater snakegenepool.

At the time of its listing, the Atlantic saltmarshsnakewas thoughtto include saltmarsh
snakesasfar south asIndianRiver County(U.S. FishWildlife Service1977). As suggested
above,it may actuallybemuchmore restricted,occurringonly in thebrackish,coastal
marshesof Volusia County. If so, thengivenits highly restricteddistribution, the Atlantic
saltmarshsnake’svulnerability to habitatdestructionandmodification is evengreaterthan
previouslyrealized.

It is well knownthat saltmarshsnakesoccasionallyhybridize with the closelyrelated
freshwaterspecies,Nerodiafasciata,especiallyin areasof habitatdisturbance(Kochman
1977, Dunson1979, Lawsonet al. 1991). Lawson~ ~j. (1991)demonstratedthat, despite
the reproductivecompatibility of thetwo forms, thereappearsto be little or no genetic
introgressionbetweenthemin areasof undisturbedhabitat. Theextentof genetic
introgressionassociatedwith the local breakdownof reproductiveisolationbetweenthe two
specieshasnot yet beenexamined.
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Rising sealevelsarenot an immediatethreatbut in the long termmay reducethe amountof
habitatavailableto theAtlantic saltmarshsnake. As sealevelsrise, salinity in the estuaries
will also rise correspondinglyandpossiblychangethe vegetationof themarsh,eventually
flooding the areaand making it inhospitablefor the snake.

ConservationMeasures
Conservationmeasureshaveconsistedof limited surveywork, geneticcomparisonwith other
saltmarshsnakesand southernbandedwater snakes,useof the provisionsunderSection7 of
theAct, Section404 of the CleanWater Act (CWA), and the Fishand Wildlife Coordination
Act (FWCA), andproposalsfor creationof habitatto mitigate for areasimpactedby
permitteddredge-and-fillactivities.

Sporadicsurveysconductedfrom 1978 to 1988by personnelof the FGFWFCand the
Serviceconfirmedthe continuedpresenceof theAtlantic saltmarshsnakeat severallocalities
in Volusia County,Florida. Personnelof theEastVolusiaCounty Mosquito Control District
arecurrently conductingsurveysfor Atlantic saltmarshsnakesassociatedwith mosquito
control impoundmentson islands in the northernportionsof the IndianRiver Lagoon(G.
Goodepers.comm.). A surveywas conductedon Merritt IslandNational Wildlife Refugein
the late 1970’s, anda largepopulationof saltmarshsnakeswas identified in the vicinity of
the Volusia-Brevardcounty line, but this populationseemedto show signsof intergradation
with the mangrovewater snake(Hebrardand Lee 1981).

Localitiesin thevicinity of New SmyrnaBeachwere sampledby FGFWFCfor genetic
studies(Lawsonet M. 1991). Electrophoreticanalysesindicatedthat the saltmarshsnakes
arecloselyrelatedto but specifically distinctfrom the southernbandedwatersnake (Nerodia
fasciata),and that the threesubspeciesof the saltmarshsnakeareelectrophoretically
indistinguishablefrom eachother(Lawsonet al. 1991). Tissueswere savedfor possible
comparisonof mitochondrialDNA variation in the saltmarshsnakes,but that workhasnot
yet beenperformed.

The Atlantic saltmarsh snakeis protectedas a threatenedspeciesunder the Endangered
SpeciesAct of 1973, asamended(16U.S.C. 1531 ~4seq.). The Act placesanaffirmative
mandateon Federalagenciesto carry out programsfor the conservationof federally listed
endangeredandthreatenedspecies. Further, the Act requiresall Federalagenciesto ensure
thattheir actionsarenot likely to jeopardizethe continuedexistenceof any federally listed
endangeredor threatenedspecies. Federalagencyactionsthat candirectly or indirectly
affectendangeredor threatenedspeciesinclude any activity that is authorized,funded,or
carriedout by suchagency. Compliancewith thesesstandardsis ensuredunderSection7 of
the Act becauseagenciesmust consultwith the Serviceor National Marine FisheriesService
on actionsthat may affect listed speciesor critical habitat.

In additionto Section7 consultations,protectionandconservationof saltmarshhabitatis
providedby CWA andFWCA. The Serviceand U.S. Army Corpsof Engineersreview
proposeddredge-and-fillactivities and constructionprojectsin watersof the United States
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whereprojectsmay affect the Atlantic saltmarshsnakeor its habitat. During a 10-year
period (1983-1992)a minimumof 36 variousprojectswerepermittedin VolusiaCounty’s
saltmarshhabitat. Theseprojectsincludeddredge-and-fill,shorelineprotectionprojects,
constructionof piers and marinas,mosquitoditching, and watercontrol structures.
However,only 32 acresof saltmarshwere destroyedby theseprojects,most (29.44acres,
18 projects)before1988. Lossof saltmarshhabitatappearsto haveslowedsince1988
(2.56acres, 18 projects)indicating improvedprotection. If theAtlantic saltmarshsnakeis
limited to VolusiaCounty, any projectdestroyingsalt marshhabitatmay bedetrimentalto
the species.
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II. RECOVERY

A. Objectiveand Criteria
Atlantic saltmarshsnakesare restrictedto brackish,tidal marshesprimarily composedof
saltwortflats and saltgrass-borderedtidal creeks. Historically, this habitatprobably
representeda small portionof thesalt marshand changedperiodically from recurring
tropical storms. Howeverwith developmentof Florida’s Atlantic coast,habitathasbeen
permanentlylost. This development,coupledwith narrowhabitatflexibility and a limited
range(primarily VolusiaCounty), hasresultedin reducedpopulationsof Atlantic saltmarsh
snakes.

At the time of listing, habitatlosswascitedas a threatto the Atlantic salt marshsnake.
Currenthabitatprotectionappearsto be adequateunderexisting regulatorymechanismsand
habitatlossmustremainat or below currentlevels for the nearfuture to aid in recovering
this snake. Additionally, to avoidrisks of geneticand/orcatastrophicevents,an attempt
should be madeto establishself-sustainingpopulationsthroughoutthe subspeciesrange.

The recoverygoal for the Atlantic saltmarshsnakeis to delist it. Delisting canbe
consideredif the following conditionsare met:

1. If thereis no evidenceof significantgeneticintrogression(geneticexchangelimited to
a very narrowhybrid zone)from theFlorida bandedwatersnake (Nerodiafasciata
pictiventris) into adjacentpopulationsof the Atlantic saltmarshsnake (Nerodia clarkii
taeniata).

2. Maintainadequatehabitatprotectionand maintainhabitatlossat or below current
levels for the next 5 years.

3. Establishself-sustainingpopulationsof 100-200adult snakesat eachof 10 secure,
discretesitesdispersedthroughoutVolusia County. Thesenumericalgoalsaresubject
to revisionasmore informationbecomesavailableon the biology of the Atlantic salt
marsh snake.

4. Thesepopulationsshouldbe monitoredfor at least5 yearsbeforeconsidering
delisting. If delisted,thesepopulationswill continueto beperiodically monitoredas
requiredby the Act.

B. Narrative Outline for RecoveryActions AddressingThreats

1.0 Conductbasicecologicalstudiesof the Atlantic salt marshsnakepopulationin the
northernIndianRiver Lagoonof Volusia County. A betterunderstandingof the
basicecologyof the Atlantic saltmarshsnakeis neededto assurethatmanagement
decisionsarebasedon a full knowledgeof the species’requirements.Specific
information is neededon homerangesize and habitatrequirements,population
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density,movementsand activity patterns,andminimum areaneededfor a viable
population.

2.0 Determineand mapdistribution of the Atlantic saltmarshsnake. Surveysof suitable
habitatsin Volusia, Brevard, and IndianRiver countieswill determinethe extentof
suitablehabitatthat is occupiedand the distributional limits of the Atlantic saltmarsh
snake. Surveysalso shouldbe conductedin saltmarshesfrom the Flagler-Volusia
County line north to St. Augustineto determinethe northernextentof the species
range. They also may identify additional areasof hybridizationwith N. fasciata.
Delineationof the distributionwill allow habitatprotectionefforts to be focusedon
areasactuallyoccupiedby the Atlantic salt marshsnake.

3.0 Identify and implementappropriatehabitatprotectionmeasures.Identify and
implementhabitatprotectionmeasures.Determinetheextentof existing habitat
protectionand if additional measuresareneeded,identify and implementpreferred
option(s).
3. 1 Habitatprotectionmeasures.Use existing regulatorymeasuressuchas
Section7 of theAct, Section404 of CWA, and FWCA to provideprotectionto salt
marshhabitat. Strict applicationof Section7 (consultation)and
404 regulationswithin the rangeof the Atlantic saltmarshsnakeshould reduceloss
of existing habitat. Requiremitigationproposalsfrom permitteddredge-and-fill
projectsto obtainconservationeasementsfor protectingexisting saltmarshhabitator
to createand/orrestoresuchhabitats.
3.2 Identify specific beneficialhabitatmanagementpractices. Specific

managementtechniquesneedto be identified throughresearchand appliedto
appropriatesaltmarshhabitats. Theeffectsof openwatermarshmanagement
(rotary ditching less than42 in. wide to increasewaterflow) needto be
documented.The applicability of salt marshrestorationactivities needsto be
evaluatedin relationto Atlantic saltmarshsnakes. Additionally, burning of
mangroves(in areaswheremangroveshavebeenkilled by freezes)may create
additionalhabitatif the burnsrevertto the Salicornia spp. - Distichlis spicata
habitattype.

3.3 Habitatacquisition. Identify essentialhabitatsfor the Atlantic saltmarshsnake
and pursuepublic ownershipof theseareas. An existing systemis the State’s
ConservationandRecreationLands(CARL) program.

3.4 Contaminantsmonitorin2. Periodicwaterquality monitoringin saltmarsh
habitatshould bedoneto determinepossiblecontamination. Urbanrunoff,
includingpesticidesand fertilizers appliedto lawnsandmosquitospraying,
may degradesaltmarshhabitatsmaking themunsuitablefor Atlantic salt
marshsnakes.

4.0 Conducta taxonomicassessmentof the salt marshsnakesin Volusia. Brevard.and
IndianRiver Counties. A taxonomicassessmentis requiredto determinediagnostic
criteria to usein evaluatingpopulationsidentified in the distributionalsurvey.
Approachesshould includetraditional morphometricandmeristic analysesandan
examinationof mitochondrialDNA polymorphisms.
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4.1 Morphometricandmeristic analyses. This subspecieswas describedat a time
whenlittle wasknown aboutsaltmarshsnakeselsewhereon the Atlantic coast,
and availablediagnosesdo not permit anadequatedeterminationof the
geographicallimits of the taxon. An initial assessmentwill be neededto
determinedatato be collectedfrom snakesencounteredin the distributional
survey. Thereafter,the survey shouldproceedconcurrently,in order to make
additionalmaterialavailablefor a taxonomicanalysis.

4.2 Analysis of mitochondrialDNA polymorphisms. This work will further assist
in determiningtherelationshipbetweenthis form and themangrovewater
snake.

5.0 Determinerelative abundancewithin occupiedhabitats,identify the most important
populationsandhabitat, and developa populationcensusinatechnique. Basedon
populationsidentifiedin the distributional survey,determinerelative abundancein
differenthabitats(e.g. Juncusroemerianusmarsh). This will provideadditional
directionin identifying habitatprotectionneeds. Populationswill needto be
monitoredto detectpopulationtrends. A populationindicestechniqueis neededto
obtaintrenddata. Systematicsearchesof thepotholesin the salt flats at low tide to
observesnakesor find snaketracksin the mudmay be developedinto a population
index.

6.0 Determineextentof genetic introgressionat one or more siteswherehybridization
with N. fasciata is knownto haveoccurred. This taskis oneof the recoverycriteria
and uponcompletionmay determinefuture managementactivities. Existing
electrophoreticdataprovidea readymeansfor determiningtheextentof genetic
introgressionbetweenN. fasciataand N. clarkii ssp. A hybrid populationis known
to occur in southernVolusia Countyat the point whereU.S. Hwy. 1 crossesTurnbull
Creek. A transectshouldbe establishedthroughthis hybrid zoneandthe adjacent
brackishmarsh,and snakesfrom this transectshouldbeexaminedelectrophoretically
to determinethe degreeof introgressionof N. fasciatagenesinto theadjacent
populationof saltmarsh snakes. If additional areasof hybridizationare identified in
the distributional survey, thentheassessmentof geneticintrogressionshould be
expandedto at leastone of theseadditionalsites. If geneticexchangeis limited to a
very narrowhybrid zoneand doesnot extendinto theadjacentsaltmarsh snake
population, thengeneticswampingmaynot be a significantconcern. Determineif
hybridizationoccursnaturallyor from habitatalterations.

7.0 Developmentof a contingencyplan. If the distributional surveysandecological
studiesindicatea very depressedAtlantic saltmarsh snakepopulation,a captive
breedingprogrammay be warranted. Saltmarshesthat are isolatedand protected
havebeenidentified and offer thepossibility of propagatingN. c. taeniata in a
relatively naturalcondition.

8.0 DisseminateinformationaboutAtlantic saltmarshsnakes.Although intentional
killing is not thoughtto be a significantfactor contributingto the threatenedstatusof
this form, aneffort shouldbe madeto minimize takeby informing thepublic of the
protectedstatus.
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8.1 Produceanddistributeeducationalpostersaboutthe identificationand
protectedstatusof the Atlantic saltmarshsnake. The public needsto be
informedaboutthe protectedstatusof the Atlantic saltmarsh snake. These
postersshouldbe displayedat marinas,bait shops,and schoolswithin the
rangeof the Atlantic saltmarshsnake.

8.2 Produceand distributepamvhietsto inform landownersaboutthe protected
statusof the Atlantic saltmarshsnake. Thosepeopleowning propertythat
includesor adjoinsAtlantic saltmarsh snakehabitatare the onesmost likely to
encounterthis snake. Theseproperty ownersshouldbe informedof the
potentialpresenceof this snakeandits protectedstatus.
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III. IMPLEMENTATION SCHEDULE

The ImplementationSchedulethat follows outlines actionsand estimatedcostsfor the
recoveryprogram. It is a guide for meetingtheobjectivesdiscussedin part II of this Plan.
This scheduleindicatestaskpriorities, task numbers,task descriptions,durationof tasks,
responsibleagencies,andestimatedcosts. Theseactions,whenaccomplished,shouldbring
aboutthe recoveryof the Atlantic saltmarshsnakeand protect its habitat. It should benoted
that not all the estimatedmonetaryneedsfor all partiesinvolved in recoveryare identified
and, therefore,PartIII reflectsonly theestimatedfinancialrequirementsfor the recoveryof
this species.

While the U.S. Fish and Wildlife Servicehasno powerto requireotherFederalandState
agenciesto carry out specific actionsfor endangeredspeciesrecovery,we believethe
designatedagencieshavethe necessaryauthority to carry out the identified tasks. The
implementationscheduleservesto alert those agenciesto theneedfor theseactionsand to
justify seekingfunds to carry out the actions.

Priorities in columnone of the following implementationscheduleare assignedasfollows:

1. Priority 1 - An actionthat mustbe takento preventextinctionor to preventthe
speciesfrom declining irreversibly in theforeseeablefuture.

2. Priority 2 - An actionthat mustbe takento preventa significantdeclinein
speciespopulationlhabitatquality or someothersignificantnegativeimpact
shortof extinction.

3. Priority 3 - All otheractionsnecessaryto meetthe recoveryobjective.

Key to AcronymsUsed in ImplementationSchedule
FDEP FloridaDepartmentof EnvironmentalProtection
FGFC Florida Gameand FreshWater FishCommission
TNC/F The NatureConservancy,FloridaChapter
NBS NationalBiological Survey
TE-FWS Division of EndangeredSpecies,U.S. Fish and Wildlife Service
EVCMC EastVolusiaCounty MosquitoControl
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RECOVERY PLAN IMPLEMENTATION SCHEDULE

Priority Task# Task Description TaskDuration Responsible
Agency

CostEstimates($OOOs)
FYi FY2 FY3 FY4 FYS

Comments

2 1.0 Basic ecological
research

2 years TE-FWS,
NBS

25 25

2 2.0 Distributionsurvey 3 years NBS,
EVCMC

15 15 10

2 3.1 Habitatprotection ongoing TE-FWS

2 3.2 Habitat management ongoing TE-FWS,
TNC/F,
FGFC,
EVCMC,
FDEP

8

2 3.3 Habitat acquisition ongoing TE-FWS,
TNC/F,
FGFC,
FDEP

Wheneverfunding
is available.

2 3.4 Contaminants
monitoring

ongoing FDEP

2 4.1 Taxonomic
assessment

3 years NBS 5 5 5

2 5.0 Determinerelative
abundance

2 years TE-FWS 10 10
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Priority Task# TaskDescription TaskDuration Responsible
Agency

CostEstimates($OOOs)
FYi FY2 FY3 FY4 FYS

Comments

2 6.0 Determineextentof
geneticintrogression

2 years FGFC 4 3

3 7.0 Developa
contingencyplan

1 year TB-FWS,
FGFC

2

3 8.1 Produceand
distributeposters

ongoing FGFC 2

3 8.2 Produceand
distributepamphlets

ongoing FGFC 4

3 4.2 MitochondrialDNA
assessment

2 years FGFC 2 2
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